BACKGROUND: It is not clear what the relative contribution is of specific components of physical fitness (aerobic and muscular) to cardiovascular disease (CVD) risk. We investigated associations between aerobic fitness (endurance) and muscular fitness (power) and CVD risk factors.
Introduction
Although the relationship between general physical fitness and cardiovascular morbidity and mortality is well established in adults, adolescents and children (1;3;10), it is much less clear (especially in adolescents) what the relative contribution is of two specific components of physical fitness i.e. aerobic-and muscular fitness. Many studies show that low aerobic fitness, to a great extent, increases cardiovascular disease risk (CVD) (7). However, more recently, it has also been postulated that an individual's susceptibility to CVD risk may be influenced by both their aerobic fitness as well as their muscular fitness (17), in part genetically based on the proportion of fast and slow muscle fibres (37) of the individual. A high proportion of slow muscle fibres (Type I) correlates positively with favourable CVD risk profiles (36).
To date, no study has examined the relationship between both aerobic fitness and muscular fitness in relation to cardiovascular disease risk in adolescents. CVD risk is now more than ever an important topic for investigation, as the World Health Organisation (40) estimates that currently 16.7 million deaths (almost 30% of total deaths worldwide) are a result of the various forms of CVD, many of which could have been prevented by taking action on primary risk factors such as low fitness, unhealthy diet, physical inactivity and smoking. Moreover, many studies (9) have revealed that the foundations of a healthy lifestyle are laid down in childhood and adolescence, making this stage of the life course particularly relevant for the formation of successful preventive strategies.
Therefore, the purpose of the present study was to investigate the association between aerobic fitness and muscular fitness, and cardiovascular disease risk factors in a population of adolescents.
Cardiovascular disease risk factors
Skinfold thicknesses were determined according to the method described by Durnin and Rahaman (8) from four sites (biceps, triceps, subscapular and suprailiac). A Hawksly random-zero sphygmomanometer was used to measure blood pressure twice at the right arm in a sitting position, after a resting period of at least five minutes. Systolic blood pressure was based on the means of two recordings of Korotkoff phase I; diastolic blood pressure was based on the means of two recordings of phase V for 15 year olds and phase IV for 12 year olds (26).
Non-fasting blood samples were drawn from the antecubital vein, with total cholesterol and high density cholesterol (HDL) values estimated by an enzymatic technique (CHOD-PAP, Boehringer Mannheim, Mannheim, Germany) and phosphotungstic magnesium reagents respectively. All assays were performed in a laboratory conforming to World Health Organization standards.
Covariates
During a medical examination weight, height and sexual maturity according to the Tanner criteria (32) were determined by a pediatrician.
Socioeconomic status was determined from occupational information provided by the parents or guardians of the child. This information was then classified according to the Office of Population, Censuses and Surveys (25) and further categorised into four groups.
A questionnaire on everyday physical activities was the basis for individually calculated total activity scores. Each answer was coded according to frequency, intensity, and duration, appropriately weighted, from which the total activity scores (1 to 100 points) were computed.
The questionnaire, designed and validated exclusively for the first Young Hearts Study has been described elsewhere (27).
Statistical analyses
Statistical analyses were conducted using the SPSS 14 software package. All four age and gender groups were analysed separately to ensure optimal correction for differences in biological maturity and correspond with previous publications from the Northern Ireland Young Hearts Studies. Characteristics of the study sample were described by means and their standard deviations, with all variables meeting the normality assumption. To assess the relationship between several variables of interest, Pearson's product moment correlation coefficients (r) were calculated. Associations between the cardiovascular disease (CVD) risk factors and aerobic-and muscular fitness were analysed with several linear regression analyses, with the CVD risk factor as the outcome variable. First, a (crude) analysis was performed, in which aerobic-and muscular fitness were individually related to the CVD risk factors, correcting only for sexual maturity, socioeconomic status and physical activity scores. Second, an (adjusted) analysis was carried out, where both aerobic-and muscular fitness were added to the crude regression model, hereby analysing aerobic-and muscular fitness together in relation to the CVD risk factors. This enables us to study the corrected effect of the separate fitness components on the selected CVD risk factors. Third, the possible interaction between both measurements of fitness was investigated. To do so, an interaction term was computed (by multiplying aerobic fitness with muscular fitness), which was then added to the adjusted linear regression model. Table 1 shows the descriptive data for the main variables measured. Pearson's product moment correlations are shown in Table 2 . The correlations ranged from weak (e.g. correlations between the hand grip strength and fitness) to strong (e.g. correlations between weight and fitness). The correlations between variables added to the same regression models were of acceptable values to reduce the possibility of multi co-linearity to a minimum. From Tables 3 and 4 it is clear that associations with CVD risk factors are noticeably different for aerobic-and muscular fitness. On the whole, significant associations between aerobic fitness and a healthy CVD risk profile were observed for all age and gender groups.
Results
Moreover, most (crude) associations seem to survive further correction for muscular fitness.
However, the strength of these associations is somewhat different between the four groups.
They were strongest for the younger boys, where for all CVD risk factors significant associations were found. Results were quite similar for the older girls. For the two other subgroups, associations were only slightly weaker, but not all risk factors proved to be significantly associated with aerobic fitness.
Associations between muscular fitness and CVD risk factors were very different. Although muscular fitness was also found to be associated with a healthy risk profile, only a few statistically significant associations were apparent. Most of these associations, however, did not survive further correction for aerobic fitness. Strength of association was once more strongest for the younger boys, followed by the older girls, and again weaker for the other two subgroups.
No significant interactions between aerobic-and muscular fitness were found within the

Discussion
Our study investigated the associations between aerobic-and muscular fitness and major cardiovascular disease (CVD) risk factors, in a population of adolescents from Northern Ireland. To our knowledge, the current study is the first to take both aerobic-and muscular fitness into account in investigating their relationship with CVD risk factors in young adolescents. In sum, the observed relationships between aerobic fitness and CVD risk factors are independent of muscular fitness, whereas the (few) relationships between muscular fitness and the CVD risk factors are partly explained by aerobic fitness. Moreover, neither aerobic fitness nor muscular fitness enforces each others association with CVD risk factors. The associations were investigated for the young and old boys and girls separately, to correct optimally for biological maturation. The effects were noticeably different for all four groups, justifying our choice for stratification. Also, presenting the results for all four groups separately is in line with previous publications with YH data (4;5), making comparison of these results possible and straightforward.
Aerobic fitness
The fact that our study showed weak to moderate associations between aerobic fitness and a healthy CVD risk profile, across all age and gender groups, is in line with existing literature (7) . When examining the association with aerobic fitness and the CVD risk factors separately, we found the strongest association between skinfolds and aerobic fitness within the YH2000 study. This is fully in agreement with existing literature, which also shows strong inverse associations between aerobic fitness and fatness (1;18) in various study populations.
Regarding systolic-and diastolic blood pressure, we found weak inverse associations with aerobic fitness. Although observational cohort studies do exist (5), the available research on this topic relates mainly to training (intervention) studies, covering various study populations ranging from school children (22) to adults (39) and the elderly (14). Most studies do find inverse associations between aerobic exercise/fitness and blood pressure, which is consistent with our findings. A meta-analysis, conducted by Whelton et al in 2002 (38), also shows beneficial effects of aerobic exercise on blood pressure, both in normotensive as well as in hypertensive persons. However, it must be noted that many studies focus on aerobic exercise, as opposed to aerobic fitness. Nevertheless, aerobic exercise generally improves VO 2 max, implying an improvement in aerobic fitness.
When looking at the associations between aerobic fitness and cholesterol levels, our study revealed small inverse associations with total cholesterol levels and TC:HDL across all four groups, and smaller (positive) associations with HDL cholesterol. The existing literature again, mainly focuses on training studies (15), but cross-sectional studies comparable to ours also exist (18). In general, we found similar associations to those reported above i.e. an increase in aerobic fitness increases HDL-cholesterol level and decreases total cholesterol levels.
Muscular fitness
Regarding the relationship between CVD risk factors and muscular fitness, we found the strongest associations across all four groups for skinfolds (results were comparable to those found for aerobic fitness). Existing literature on this relationship is rather ambiguous. In When looking at the results relating to blood pressure, again, we found inverse associations across all age and gender groups with associations being strongest for the older girls. They compared a resistance training group with an aerobic training group, amongst others.
They found no beneficial effects of resistance training on cholesterol levels, within a group of 20 year old women. These results are comparable to our findings, although our study population is slightly younger than the subjects participating in the trial.
The results of the present study regarding muscular fitness and CVD risk are difficult to interpret. For comparison, observational studies comparable to ours are scarce and intervention studies are inconclusive, indicating an opportunity for researchers involved in observational cohort studies on (muscular) fitness and (cardiovascular) health. It is interesting to see that observational research looking into the complex concept of fitness in relation to cardiovascular disease risk has been mainly focussing on aerobic fitness and not so much on muscular fitness.
Further comments
A possible explanation for our findings is that subjects within the YH2000 study are mainly involved in physical activities which stimulate their aerobic fitness, rather than their muscular fitness. From detailed questionnaires regarding sports participation (data not shown), it is clear that the subjects generally favoured team endurance-sports, with soccer, hockey and netball alone comprising 54% of all sports activities. The fact that the observed associations (however weak) between muscular fitness and CVD risk are partly explained by aerobic fitness is therefore not surprising, particularly given that findings of resistance training (i.e. each other. We found no interaction between the two measurements of fitness, which is in accordance with some studies (29) although other studies do suggest an enforcing effect (11), or even an inhibiting effect (20). The concept behind this is that the proportion of fast and slow muscle fibres influences the magnitude of CVD risk (17). This is based on the findings that power athletes generally possess high levels of fast twitch muscle fibres, whereas endurance athletes have a high proportion of slow twitch muscle fibres. Fast twitch muscle fibres have the lowest volumes of mitochondria and oxidative enzymes, whereas slow twitch muscle fibres contain more mitochondria and use fatty acids for energy supply, thereby conferring resistance to obesity (37).
The results of our study should, however, be interpreted with some caution. For example, it is acknowledged that the level of (biological) maturity influences aerobic fitness, explaining to a degree the variance in aerobic fitness among adolescents of the same gender and age (24). To take these findings into account, we corrected for sexual maturation in all our models. However, level of sexual maturation was measured by means of the Tanner criteria, which in part are based on subjective observations, and not, for instance, on blood hormone concentrations. Nevertheless, our study population is quite large (N= 2016) and the Tanner criteria have been validated against objective measures of sexual maturation (23) reducing the distorting effect to a minimum. Furthermore, for measuring the level of muscular fitness, we used the Sargent jump test, which reflects muscular fitness in the upper legs. Another measurement performed in our study was the hand grip test, which has also been shown to be a good predictor of overall muscular fitness (13). The hand grip test is, however, a static test, while the jump test is a dynamic one (Pearson's product moment correlation between the two ranges from 0.25 to 0.38 across the groups, see table 2). In additional analyses, we replaced the jump test results with the hand grip test results. The resulting associations between aerobic-, muscular fitness and cardiovascular disease risk factors, however, were quite similar (data not shown).
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Implications
The results of our study indicate opportunities for targeted preventive medicine. Based on the observed associations between aerobic fitness and the cardiovascular disease risk factors, opportunities for preventive strategies during adolescence, incorporating endurance sports rather than power sports could be encouraged to help prevent cardiovascular disease. Moreover, it is also shown that on the whole, adolescents seem to prefer endurance sports over power sports. Early, successful, prevention programs are also important in the light of previous studies (9;31), proposing that a healthy lifestyle during adulthood is founded by a healthy lifestyle in (early) adolescence.
In conclusion, we found associations between aerobic fitness and a healthy cardiovascular disease (CVD) risk profile, which proved to be independent of muscular fitness, whereas associations between muscular fitness and selected CVD risk factors were partly explained by aerobic fitness. Moreover, neither aerobic fitness nor muscular fitness interacts with each other's association with CVD risk factors. 
